Objectives: To determine whether initial vital signs correlate with the amount of haemoperitoneum in patient with ruptured ectopic pregnancy presenting to accident and emergency department. Method: A retrospective study in a regional public hospital in Hong Kong. We retrospectively collected data of all patients with the diagnosis of rupture ectopic pregnancy (ICD-9-CM 633) from the period of January 2006 to December 2007. Demographics of the patients, gestational ages, triage vital signs (pulse rate and blood pressure), emergency department ultrasound record and operation record were reviewed. Mean arterial pressure and shock index were calculated accordingly. Different vital signs were used to correlate with the amount of haemoperitoneum by using Pearson correlation analysis. Results: Ninety-three patients with ruptured ectopic pregnancy were recruited. Mean age of patients was 30 years (range 17-47, ±6 SD). Mean week of gestation was 6.7 week (range 3-12, ±2 SD). 
Rupture of ectopic pregnancy is a condition that should not be missed because of its potential fatality. Traditionally, some vital signs are used to assess critically ill or injured patients especially those with shock. Increase in pulse rate (or tachycardia) is an expected early physiological response to blood loss greater than 750 ml. 2 However, it has been challenged as an unreliable sign recently. A retrospective case series of 20 patients who had ectopic pregnancy and hypotension (systolic blood pressure less than 90 mmHg) showed only 45% had tachycardia. 3 Adams also reported a case series of 5 healthy young women with intraperitoneal haemorrhage associated with hypotension but lack of tachycardia. None of them fell into the category of irreversible shock. 4 Even blood pressure might not help predicting blood loss. John had conducted a study, which failed to show strong correlation between vital signs and amount of haemoperitoneum in patients with ruptured ectopic pregnancy. 5 As triage is the basis of our emergency service delivery system. Local triage guideline stresses the importance to use physiological parameters, in particularly pulse rate and blood pressure to identify serious bleeding conditions. We want to conduct a retrospective study to determine how well different vital signs could correlate with the amount of haemoperitoneum in women suffering from ruptured ectopic pregnancy presenting to a regional accident and emergency department in Hong Kong.
Methods
We conducted a retrospective review of all patients who presented to a local regional accident and emergency department and subsequently underwent operation with the diagnosis of ruptured ectopic pregnancy, over a period of 24 months from January 2006 to December 2007. Patients were identified from the Clinical Data Analysis & Reporting System (CDARS) if the principle diagnostic code was ICD-9-CM 633. Medical information including accident and emergency clinical records, inpatient medical records, operation records and anaesthetics records were retrieved and reviewed. Inclusion criteria included patients who were admitted through accident and emergency department, had operation during the same admission and documented to have ruptured ectopic pregnancy in the operation record. Exclusion criteria included those admitted from gynaecology outpatient clinic, un-ruptured ectopic pregnancy as evidenced in operation record and had concomitant use of anti-arrhythmic medication and/ or hypertensive medication.
Data were collected by the first investigator (Wong) using a standardised data form. The physiological parameters of interest were: pulse rate at triage, systolic and diastolic blood pressure at triage, mean arterial blood pressure, shock index. Mean arterial blood pressure (MAP) were calculated by using the formula {Diastolic pressure (DBP) + [systolic blood pressure (SBP) -DBP]/3}. Shock index (SI) was measured by dividing triage pulse by SBP. 6, 7 The amount of haemoperitoneum was used as a continuous variable as well as a categorical variable (<1L and ≥1L) for Keywords: Abdominal pain, first trimester pregnancy, haemoperitoneum, shock correlation analysis. Additional information abstracted included age, gestational week of pregnancy and ultrasound findings in accident and emergency record in terms of any intraperitoneal free fluid. All ruptured ectopic pregnancy documented in the operation records were validated by pathological examination.
Descriptive analysis was used to show the distribution of variables. Pearson correlation was used to analyse the interaction between variables. All statistical calculations were made with The Statistical Package for Social Sciences (SPSS) version 17.0.
Results
A total of 355 patients were identified from CDARS during the studied period. Ninety-three patients fulfilled the inclusion criteria. The rest of 266 patients were excluded from the study because they had unruptured ectopic pregnancy (260 patients) or they were not admitted through the accident and emergency department (6 patients). None of the recruited patients were on antihypertensive or anti-arrhythmic medications that could mask the cardiac physiological response to blood loss.
Mean age of patients was 30 years (range 17-47, SD=6). Mean week of gestation was 6.7 weeks (range 3-12, SD=2). Of the 93 recruited patients, 89 (96%) had ultrasound scan performed in the accident & emergency department. While 42 patients (47%) of these 89 cases had positive scan and free fluid shown up by the ultrasound scan, 47 patients were diagnosed to have negative scan but only 43 cases (91%) were confirmed to have true negative scan or small haemoperitoneum (<1 liter) during operation. The mean values of all recorded vital signs were listed in Table 1. C o r r e l a t i o n b e t w e e n S B P a n d a m o u n t o f haemoperitoneum by Pearson Correlation was -0.44 (Figure 1) . Correlation between DBP and haemoperitoneum was -0.24 (Figure 2) . Correlation between MAP and haemoperitoneum was -0.37 (Figure 3) . Correlation between triage pulse and 
Discussion
This study showed that none of the vital signs had a strong correlation with the amount of haemoperitoneum. SBP and SI correlated the best among all vital signs. Triage pulse rate showed a very weak correlation with blood loss. DBP and MAP were not superior to SBP or SI. Compared to a research done by Birkhahn on 52 ectopic pregnancy patients, the reported correlation coefficient for heart rate, SBP and SI were 0.5, -0.34 and 0.69 respectively, 8 our study showed even a weaker correlation for all studied vital signs.
It was interesting that when patients were divided into two groups at cut-off point of 1000 ml haemoperitoneum for sub-group analysis, all parameters (except SBP) seemed to perform better in >1L group (n=25) than <1L group (n=68). However, none of them reached a statistical significant level. It was likely due to the relatively small number of cases with haemoperitoneum of >1L in our sample.
Birkhahn reported that SI greater than 0.85 made the diagnosis of ruptured ectopic pregnancy 15 times more likely and more predictive of ruptured ectopic pregnancy than heart rate or blood pressure alone. 9 The mean SI of our patients with ruptured ectopic pregnancy was 0.82. It was close to their reported value. We demonstrated that SI might correlate better with volume in cases with the larger amount of bleeding. The mean SI in the groups of haemoperitoneum <1L and ≥1L were 0.78 and 0.95 respectively and statistically, their difference were significant (p<0.001, Mann Whitney U test). However, the moderate correlation coefficient (<0.5) suggested that SI would haemoperitoneum was 0.118 ( Figure 4) . Correlation between SI and haemoperitoneum was 0.45 ( Figure 5 ).
Patients were further divided into two groups at cutoff of 1000 ml haemoperitoneum. Correlations between vital signs and amount of haemoperitoneum in each group were shown in Table 2 .
not be a sensitive triage parameter to inform on the status of shock or severe bleeding after rupture.
Relative bradycardia was not an uncommon phenomenon in ruptured ectopic pregnancy with haemoperitoneum. [3] [4] [5] Relative bradycardia was also reported in situations other than ruptured ectopic pregnancy. Tachycardia as a definite physiologic response to traumatic hypotension had been challenged by studies showing the occurrence of paradoxical relative bradycardia in trauma patients (29%-44%) with hypotension (SBP ≤90 mmHg). 10, 11 Notably, trauma patients with relative bradycardia were shown to have higher mortality than those with tachycardia.
11
As mortality from ruptured ectopic pregnancy is very low, it is difficult to comment whether this group of patients with relative bradycardia also have higher mortality rate.
Reason for the absence of tachycardia (relative bradycardia) during blood loss was not exactly known. It was postulated that hypovolaemic shock triggered a vasodepressor and cardio-inhibitory effect that was mediated through the vagal reflex system. 12 When there was significant haemorrhage, the reduced blood volume jeopardized cardiac filling, thereby enhancing the baroreceptor-mediated parasympathetic activity. The withdrawal of sympathetic tone decreases heart rate, cardiac output and blood pressure. It was described as the Bezold-Jarisch Reflex. 13 Snyder also suggested that intraperitoneal bleeding brought on the parasympathetic mechanism. 3 The actual cause of this phenomenon still required further investigation.
Our study had several limitations. All data for analysis were reviewed retrospectively and they could only be as good as they were documented. The amount of blood loss was based on the operation record. The amount of bleeding was estimated by surgeon and often reported as a "round up figure". This posed uncertainty on the nature of data property as well as on it's suitability to use as a continuous data or even a categorical data during analyses. The data was further being affected by recall bias, inter-rater variability and the error associated with different time frames [the actual amount of blood detected during operation was correlated with vital signs recorded at triage that occurred much earlier]. The amount of fluid resuscitation given before operation could affect on the final amount of haemoperitoneum detected acting as a confounder that could not be controlled in the present study design.
Conclusion
Out of all physiological parameters studied, none of them show a good correlation with the amount of haemoperitoneum. SBP and SI are better than the others but they show moderate correlation only. When we encounter patient suffering from ruptured ectopic pregnancy, fluid resuscitation or the urgency to have immediate operation should not be guided solely by physiological parameters. Ultrasound seems to be a useful and reliable investigation modality to detect any significant blood loss or presence of haemoperitoneum. Emergency physician should consider active fluid resuscitation and urgent referral to gynaecologist for immediate operation even though the vital signs are normal, as patient may already have significant intraperitoneal bleeding.
